Though nocturnal acid-breakthrough (NAB) is common in gastroesophageal reflux disease (GERD) patients, its clinical importance results from esophageal acidification, which has been shown to be uncommon. Ilaprazole, a long-acting proton pump inhibitor, may cause NAB infrequently. Accordingly, we studied prospectively, (1) frequency and degree of esophageal acidification during NAB, and (2) frequency and severity of NAB while on ilaprazole versus omeprazole.
Introduction
Gastroesophageal reflux disease (GERD) is a common problem in Gastroenterology practice worldwide. Severity of GERD depends largely on the degree and duration of exposure of the esophagus to gastric acid. [1] [2] [3] Pharmacological management of GERD is primarily directed towards suppression of gastric acid secretion, thereby preventing esophageal acid exposure. Nocturnal acid-breakthrough (NAB), defined as persistent reduction of intragastric pH below 4 for more than 60 minutes during the night, occurs in 40% to 70% of patients with GERD while on proton pump inhibitors (PPIs). [4] [5] [6] Though an additional night time dose of PPI and/or histamine H2 receptor antagonist has been suggested to treat NAB, 7 the evidence suggesting the need for such treatment is scanty since only a few small studies suggested that NAB is merely a laboratory phenomenon, as esophageal acidification and symptoms are uncommon during NAB. 6, 8 Dual channel 24-hour pH-metry, a technique used to study esophageal acid exposure and intra-gastric pH over a 24-hour period, has been used to study NAB while on treatment with PPIs. 9 With the advent of multi-channel intra-luminal impedance pH monitoring, not only acidic reflux, but neutral and weakly acidic refluxes could also be detected. 10 Though PPIs prevent abnormal esophageal acidification, studies using impedance monitoring suggested that frequency of non-acidic reflux increases on PPI therapy resulting in persistent symptoms. 11, 12 However, the association between degree of gastric acid suppression, occurrence of non-acidic volume reflux and symptoms while on PPI therapy has not been studied, especially in the Asian population. Ilaprazole, a new PPI with a longer duration of action, has been approved for treatment of duodenal ulcers in some of the Asian countries. In vitro and in vivo data suggest that ilaprazole more potently inhibits gastric acid secretion compared to omeprazole. 13 While the metabolism of ilaprazole into its major metabolite, ilaprazole sulfone, occurs primarily via CYP3A, it is minimally influenced by CYP2C19 polymorphism, resulting in a predictable dose-response relationship. Though there is adequate data on the clinical efficacy of ilaprazole in patients with duodenal ulcers, data in GERD patients is scanty. Moreover, by the virtue of its long duration of action, it is expected to cause NAB infrequently. However, no study has compared the frequency of NAB among patients receiving ilaprazole as compared to those receiving omeprazole. Accordingly, we undertook this prospective study with the following aims: (1) to study nocturnal esophageal acid exposure and symptoms in relation to NAB, (2) to study acid and non-acid volume reflux in relation to degree of gastric acid suppression, and (3) to compare gastric acid profile and severity of NAB between patients on ilaprazole and omeprazole.
Materials and Methods

Patients
Consecutive GERD patients attending the Gastroenterology outpatient service of a multi-level teaching hospital were screened prospectively during a 1-year period (between July, 2014 and July, 2015). GERD was diagnosed clinically by the presence of heartburn at least twice a week for a minimum of 6 months, and patients with GERD being treated with omeprazole or ilaprazole at a stable dose of 20 mg and 10 mg, respectively, once daily for at least one month were included in the study. Patients taking combination treatments with multiple anti-secretory agents and PPIs other than ilaprazole or omeprazole were excluded, and patients with esophageal strictures or diverticula, hiatus hernias larger than 3 cm, gastric outlet obstruction or neoplasms, peptic ulcers, and history of gastrointestinal surgery in the past were also excluded. The patients were evaluated prospectively by a standard questionnaire (CarlssonDent), physical examination, upper gastrointestinal endoscopy, and high-resolution esophageal manometry. Patients with specific esophageal motor disorders diagnosed by manometry and eosinophilic esophagitis by esophageal biopsy were also excluded. Those who met the inclusion criteria underwent 24-hour impedance pHmetry while on respective PPI (ilaprazole or omeprazole) after informed consent. Institutional Ethics Committee approved the study protocol.
24-hour Impedance pH-metry
Combined 24-hour impedance pH-metry was performed after an overnight fast using a multi-channel intra-luminal impedance pH (MII-pH) monitoring system (Zephyr; Sandhill scientific, Inc, Highlands Ranch, CO, USA). The combined MII-pH probe had 6 impedance channels (4 located in distal esophagus at 3, 5, 7, and 9 cm and 2 in the proximal esophagus at 15 cm and 17 cm above the lower esophageal sphincter [LES]), and 2 pH sensors placed 15 cm apart at the end of the probe. Patients who were taking ilaprazole or omeprazole were given the respective PPI (ilaprazole 10 mg, or omeprazole 20 mg) on the day of pH-impedance monitoring on an empty stomach at morning. The pH probes were calibrated using the standard buffers of pH 4.0 and pH 7.0 prior to each procedure.
Before the start of pH-metry, all patients underwent high-resolution esophageal manometry using a 32 pressure channel solid state system (Sandhill Scientific, Inc) to localize and measure LES pressure and to study esophageal body motility. After localizing the LES, the proximal pH probe was placed 5 cm above it, while the distal probe was placed in the stomach: the former recorded the esophageal pH while the latter recorded the gastric pH during the 24-hour period. Patients were allowed to carry out their regular activities and take regular meals but were advised not to take sour foods during the study period. A symptom diary was given to every patient to record change in posture, intake of meals, and symptoms experienced during the study period. After the 24-hour study, data was transferred from the data logger to a computer for further analysis of esophageal acid exposure (mean esophageal pH, % time pH less than 4, and % time pH less than 4 during upright and supine postures), gastric acid profile (mean gastric pH and % time gastric pH less than 4), and bolus exposure using impedance measurement.
Analysis of Nocturnal Period and Nocturnal Acid-breakthrough
The nocturnal period was defined as the time period between 10 PM and 6 AM, while the rest of the day before 10 PM was considered as day time. NAB was defined as a drop in intra-gastric pH of less than 4 continuously for more than one hour during the nocturnal period. Nocturnal esophageal acidification was defined as a drop in esophageal pH of less than 4 for any duration during the night time. Heartburn, regurgitation, and chest pain were considered as reflux symptoms during the night time.
24-hour pH and Impedance Analysis
Abnormal 24-hour esophageal acid exposure was considered when percentage time esophageal pH was less than 4 for more than 4.2% on 24-hour pH-metry. [14] [15] [16] Patients were classified as combined esophageal acid refluxers if the % time esophageal pH less than 4 during upright and supine postures were more than 6.3 and 1.2, respectively, during the 24-hour period. Liquid bolus exposure was defined as a retrograde drop in impedance by 50% of the baseline. Abnormal 24-hour esophageal bolus exposure by impedance was defined as the % time bolus exposure of more than 1.4%. Combined GERD was defined as having the % time bolus exposure during upright and supine postures of more than 2.1 and 0.7, respectively, during the 24-hour period. Impedance detected reflux episodes were classified as "acid" if the pH sensor recorded a decline in pH below 4, or "non-acid" if the pH remained above 4 during presence of the bolus in esophagus.
Similar to symptoms at night, heartburn, regurgitation, and chest pain were considered as reflux symptoms during the 24-hour study period. Symptom index was defined as the number of symptoms associated with reflux divided by the total number of symptoms. A positive symptom index was declared if ≥ 50% of symptoms were associated with reflux.
Statistical Methods
Continuous data were expressed as median and inter-quartile ranges (IQR). Frequency was expressed as a percentage (%). Continuous and categorical data among various groups were compared using the Mann-Whitney U test and Chi-square test, with Yates' correction as applicable, respectively. P-values below 0.05 were considered significant. A biomedical scientist well-conversant with statistical analysis performed and reviewed the analyses. All analyses were done using R, Epicalc, and R-studio software (R development core team, Vienna, Austria) and SPSS version 15 (SPSS, Inc, Chicago, IL, USA).
Results
Seventy patients with GERD who were taking ilaprazole, 10 mg (n = 34) or omeprazole, 20 mg (n = 36) once daily for at least a month were initially screened. Five patients with large hiatal hernias (3 on ilaprazole and 2 on omeprazole), three with active duodenal ulcers (1 on ilaprazole and 2 on omeprazole), and three on multiple anti-secretory drugs (1 on ilaprazole and 2 on omeprazole) were excluded. All remaining patients underwent 24-hour impedance pH metry while on respective PPI. Data from one patient on ilaprazole were not available due to technical problems precluding further analysis. Data from the rest of the 58 patients were available for further analysis (Fig. 1 NAB (Table 2 and Fig. 2A ). Thirteen (31%) of 42 patients with NAB and 6 (37.5%) of 16 patients without, reported nocturnal reflux symptoms (P = NS). Moreover, the number of nocturnal symptoms reported per patient was also similar in patients with and without NAB (Fig. 2B) . Sixteen of 17 (94%) and 10 of 13 (77%) patients who had NAB with nocturnal esophageal acidification and symptoms, respectively, experienced the events during NAB.
24-hour pH and Impedance Analysis in Relation to
Nocturnal Acid-breakthrough Patients without NAB had longer duration of bolus exposure and more frequent combined abnormal bolus exposure by 24-hour impedance monitoring than those with NAB (2.6 [1.4-6.9] vs 1.2 [0.7-3.0] % time, P = 0.019 and 12 (75%) vs 14 (33.3%), P = 0.007; respectively) (Fig. 3A) . Moreover, patients without NAB showed a trend towards more frequent abnormal bolus exposure than those with NAB (12 [75%] vs 19 [45.2%], P = 0.076).
Though frequency of reflux symptoms during the 24-hour period was comparable between patients with and without NAB, patients without NAB had a higher symptom index (SI) for nonacid reflux than those with NAB (41.6 [0.0-84.1] vs 0.0 [0.0-28.2], P = 0.008) (Fig. 3B) . Similarly, 8 (50%) of 16 without NAB had positive SI for non-acid reflux compared to 4 (9.5%) of 42 with NAB (P = 0.002). Symptom index for acid reflux and frequency of positive SI for acid reflux were comparable between patients with and without NAB. 
Ilaprazole Versus Omeprazole
Demographic and esophageal manometric parameters at the time of entry into the study were comparable between ilaprazole and omeprazole groups (Table 1) . Mean gastric pH, % time gastric pH below 4, mean esophageal pH and % time esophageal pH below 4 were comparable between ilaprazole and omeprazole groups during the 24-hour period (Table 4) (Fig. 4) . Reflux symptoms during the 24-hour and nocturnal period occurred with comparable frequency between both groups. 
Discussion
This study shows that (1) frequency of NAB was high (72%) while on once daily treatment with PPI, (2) frequency and duration of nocturnal esophageal acidification and nocturnal symptoms were comparable in patients with and without NAB, (3) though patients without NAB had greater degree of gastric acid suppression, the frequency of abnormal non-acidic volume reflux by impedance was higher compared to patients with NAB, and (4) the frequency, duration, and mean intra-gastric pH during NAB were comparable between ilaprazole and omeprazole groups.
Since the concept of NAB was introduced in 1998, some investigators believed that NAB might be responsible for PPI refractory GERD symptoms and made attempts to abolish it by doubling the dose of PPI or adding a histamine H2 receptor blocker at bedtime. 17 NAB was as high as 90% in patients taking once daily omeprazole in one study. 4 Katz et al 5 showed that NAB occurred in 70% of patients with GERD while taking twice daily omeprazole. 5 Similar results were shown by other studies as well using twice daily omeprazole. [18] [19] [20] 21 On the contrary, one of our previous studies showed lower frequency of NAB among patients taking once daily omeprazole, though the number of patients studied was less than that in the present study. 6 Overall, the high frequency of NAB observed in our study with use of once daily omeprazole or ilaprazole was consistent with results of most of the other studies. A plausible explanation for this phenomenon is that PPIs, when taken once daily in the morning or taken at night without meals, do not inhibit the proton pumps that are in the renewal stage at night. Clinical importance of NAB depends on its ability to cause esophageal acidification at night, which when present may increase mucosal injury in patients with erosive esophagitis and may contribute to extra-esophageal manifestations of GERD. 22 Scanty data are available in the literature on this issue. While some studies suggest that NAB is merely a laboratory phenomenon limited to the stomach and is not associated with esophageal acidification, 6, 8 other studies have suggested differently. 5, 18 In our previous study mentioned above, 6 esophageal acid exposure and nocturnal symptoms in patients with or without NAB were comparable in a small group of 18 patients. Ours et al 8 showed that, though NAB was a frequent phenomenon on PPI therapy, 24-hour esophageal acid reflux and symptoms were well controlled after therapy. However, this study had limitations, as it was performed in a small sample of patients, and the investigators did not specifically look at nocturnal esophageal acidification and nocturnal symptoms. Katz et al 5 showed that esophageal acid exposure could occur in up to 40% of GERD patients with NAB, with a higher frequency observed in patients with Barrett's. Though this study had a larger sample size, it was retrospective in nature and nocturnal symptoms were not adequately studied. Xue et al 18 suggested possible correlation between gastric acid levels and supine esophageal acid exposure in a small group of patients. However, investigators in this study did not examine the effect of NAB on esophageal acid exposure and nocturnal symptoms. Our study is perhaps the first prospective study with a larger sample size to show that esophageal acid exposure and nocturnal symptoms occurred with similar frequency in patients with or without NAB. Though we found that only a small proportion of our patients had abnormal 24-hour esophageal acid reflux, almost half of the patients had abnormal 24-hour esophageal bolus exposure by impedance while on PPI therapy. This is consistent with other studies that investigated non-acidic reflux in patients who were non-responsive to PPI therapy. [23] [24] [25] Mainie et al 12 performed impedance pH monitoring in 168 PPI non-responsive GERD patients while on twice daily PPI. While 40% of symptoms were related to non-acid reflux, only 10% of symptoms were related to acid reflux. 12 Vela et al 11 suggested that, on omeprazole, the percentage of acid reflux decreased from 45% to 3% but that of non-acid reflux increased from 55% to 97%. 11 Though PPIs are highly effective in neutralizing gastric acid and preventing esophageal acidification, non-acidic liquid reflux remains to be a significant problem in a large proportion of patients. 10, 26 The association between degree of gastric acid suppression and occurrence of non-acidic reflux has not been studied adequately. We found that patients without NAB, who had greater degree of gastric acid suppression, had more frequent abnormal 24-hour esophageal bolus exposure and positive symptom index for non-acid reflux than patients with NAB. This phenomenon has not been reported previously in literature and could possibly explain the comparable frequency of symptom occurrence in patients with and without NAB in our study. Ilaprazole, a newer PPI, predominantly metabolized by CY-P3A4 enzyme in the Asian population, 27 has been shown to be minimally influenced by CYP2C19 and CYP3A5 polymorphism. [28] [29] [30] Accordingly, ilaprazole is expected to have a longer duration of action and less NAB compared to other PPIs. 31, 32 But we found that GERD symptoms, 24-hour mean gastric pH, nocturnal mean gastric pH, frequency and duration of NAB, were comparable between the ilaprazole and omeprazole groups. The only significant difference was occurrence of lesser number of NAB episodes in the ilaprazole group. Acid suppression properties of omeprazole were consistent with other studies [33] [34] [35] but that of ilaprazole were found to be inferior compared to previous studies. 36, 37 This could be explained by probable altered metabolism of ilaprazole in our population compared to other Asian populations, and the higher dose of ilaprazole could have produced better acid suppression than the 10 mg used in our study. However, our study is the first to demonstrate the effect of ilaprazole on NAB in GERD patients. Our study has some limitations. First of all, we could have missed some cases of functional heartburn as we did not perform 24-hour impedance pH metry in patients off PPI. However, we believe that patients with functional heartburn form only a small proportion of those presenting with heartburn as shown by previous studies. 38, 39 Secondly, we did not study the pharmacokinetics of the drugs and CYP enzyme polymorphism in our population. Finally, we did not study Helicobacter pylori status systematically in our patients as it was not in the original aim of the study.
In conclusion, though the frequency of NAB while on PPI was high, nocturnal esophageal acidification was uncommon. Patients without NAB, though had greater degree of gastric acid suppression, experienced more symptoms related to non-acid reflux compared to patients with NAB. Ilaprazole, when given at 10 mg once daily, was comparable to omeprazole 20 mg in terms of frequency and severity of NAB, except for occurrence of lesser number of NAB episodes. Whether increasing the dose of ilaprazole will produce greater acid suppression or not should be confirmed in future studies with a larger sample size.
